Patterns of temperature adaptation in proteins from the bacteria Deinococcus radiodurans and Thermus thermophilus.
Asymmetrical patterns of amino acid substitution in proteins of organisms living at moderate and high temperatures (mesophiles and thermophiles, respectively) are generally taken to indicate selection favoring different amino acids at different temperatures due to their biochemical properties. If that were the case, comparisons of different pairs of mesophilic and thermophilic taxa would exhibit similar patterns of substitutional asymmetry. A previous comparison of mesophilic versus thermophilic Methanococcus with mesophilic versus thermophilic Bacillus revealed several pairs of amino acids for which one amino acid was favored in thermophilic Bacillus and the other was favored in thermophilic Methanococcus. Most of this could be explained by the higher G+C content of the DNA of thermophilic Bacillus, a phenomenon not seen in the Methanococcus comparison. Here, I compared the mesophilic bacterium Deinococcus radiodurans and its thermophilic relative Thermus thermophilus, which are similar in G+C content. Of the 190 pairs of amino acids, 83 exhibited significant substitutional asymmetry, consistent with the pervasive effects of selection. Most of these significantly asymmetrical pairs of amino acids were asymmetrical in the direction predicted from the Methanococcus data, consistent with thermal adaptation resulting from universal biochemical properties of the amino acids. However, 12 pairs of amino acids exhibited asymmetry significantly different from and in the opposite direction of that found in the Methanococcus comparison, and 21 pairs of amino acids exhibited asymmetry that was significantly different from that found in the Bacillus comparison and could not be explained by the greater G+C content in thermophilic Bacillus. This suggests that selection due to universal biochemical properties of the amino acids and differences in G+C content are not the only causes of substitutional asymmetry between mesophiles and thermophiles. Instead, selection on taxon-specific properties of amino acids, such as their metabolic cost, may play a role in causing asymmetrical patterns of substitution.